Introduction
Certain biological and pharmacological effects of the Thymus species have been experimentally proved, such the expectorant (1), spasmolytic (1-3), antibacterial (1, 4) , antifungal (5), antioxidant (6) (7) (8) (9) , etc. These activities are due to the specific composition of the essential oils (1, (4) (5) (6) (7) (8) (9) , flavonoids (1) (2) (3) 9) , phenolic acids (4) and other chemical constituents of Thymus.
Beside the data concerning the composition of the essential oils, a lot of literature data about Thymus also consider information about the flavonoids present in this species. A very comprehensive work is presented in the papers of Spanish authors where the distribution of flavone aglycones in a number of Thymus species is given (10) (11) (12) (13) (14) (15) . The flavonoids have also been investigated in representatives of Macedonian Thymus species, and luteolin, apigenin, diosmetin, eriodyctiol and naringenin were identified as free flavonoid aglycones in many of them (16) (17) (18) .
In respect to the literature data, a lot of information on the identification and isolation of flavonoids is available, which cannot be said for quantitative data on these components of Thymus. Determination of their content could be important because the flavonoids are involved in spasmolytic, antioxidant and other activities of Thymus sp. The aim of the present study is to establish methods for determining the total flavonoid content as well as the content of the main flavone aglycones in Macedonian Thymus species.
Reagents and authentic samples
The reagents used were of highest purity (>99.95 purity), methanol HPLC grade, glacial acetic acid (Merck, Darmstadt, Germany) and authentic samples of apigenin, luteolin, naringenin, eriodyctiol, chrysoeriol and diosmetin (Extrasynthese, Lyon, France).
Apparatus
A Perkin-Elmer UV-Vis spectrometer Lambda 16 for spectrometric measurements and a Varian HPLC system equipped with a ternary pump Model 9012 and UV-diode-array detector Model 9065 for liquid chromatography measurements were used.
Extraction procedure Extract A 1 . Plant material (1 g) was extracted with 60 ml acetone and 2 ml 25 % HCl in an erlenmeyer flask (with condensator) on a water bath with continuous mixing, 40 min. The mixture was then cooled, filtered and transferred to a 100 ml volumetric flask and the operation was repeated with 40 ml acetone, 20 min. After filtration in the same flask, it was filled with acetone to volume. 40 ml of the solution was transferred into a separating funnel, 50 ml of water was added and the extraction was repeated twice with 20 ml and a third time with 15 ml ethylacetate. The ethylacetate fractions were collected and washed three times with 50 ml of water each, then dried with anhydrous Na 2 SO 4 for 30 min, filtered into a 50 ml volumetric flask and filled with ethylacetate to volume.
Extracts A 2 and A 3 . 10 g of plant material were extracted with an ethanol : water mixture (7:3, V/V) at room temperature, with continuous mixing for 24 h. After filtration the solution was evaporated under low pressure until water remained only. The water phase was transferred into a separating funnel and extracted first with ether and then with ethylacetate. The obtained extracts, in ether and in ethylacetate, were evaporated to dryness and the residues were dissolved in 10 ml of methanol, giving the extracts marked A 2 and A 3 , respectively.
The extracts A 1 , A 2 and A 3 were used for identification (TLC) and determination of total flavonoids (by spectrophotometry).
Extract B: Plant material (2.0 g) was extracted with acetone and 2 ml 25 % HCl using the same procedure as described for extract A 1 . A 25 ml portion of this acetone extract was transferred to a separating funnel. 50 ml of water was added and extraction with ethylacetate was repeated until a negative reaction on flavonoids was obtained (test with TLC in system S 1 ). The ethylacetate extracts were collected and washed three times with 100 ml of water, dried with anhydrous Na 2 SO 4 for 30 min, filtered and evaporated to dryness under low pressure. The residue was dissolved in 10 ml of methanol and the solution was used for identification and determination of flavone aglycones by HPLC. 
Identification of flavonoids

Determination of flavonoids
Spectrophotometry: UV-Vis spectrophotometry was used for determination of total flavonoids. Luteolin was used for the construction of the calibration curve in the concentration range from 1.0-10.0 mg·ml -1 . 10 ml of extract A 1 was transferred into a 25 ml volumetric flask, 1 ml 2% AlCl 3 was added and the solution was filled to volume with methanol-acetic acid. After 30 min the absorbance was measured at 390 nm against the same solution without AlCl 3 being blank.
The contents of flavonoids were determined in extracts A 2 and A 3 . The whole procedure for obtaining the hydrolyzed extracts (described for A 1 ) was repeated taking 1 ml of the corresponding extracts, instead of 1 g of plant material.
HPLC. The experimental conditions were the same as those described for the identification. The same stationary and mobile phases were used, but the elution program for quantifying luteolin in the extracts was much shorter, as follows: 0-15 min 45 % A and 20-30 min 20 % A. The flow rate was 0.8 ml·min-1 and the temperature was set to 40 ºC. The data acquisition was made at 348 nm. Calibration was made in the concentration range of 0.05-1 mg·ml -1 luteolin in methanol, or expressed in terms of mass of luteolin injected into the column from 1-20 μg luteolin (sample loop 20 μl).
Results and discussion
Identification of flavonoids
The flavone aglycones were identified in the extracts obtained after hydrolysis of flavone glycosides in drugs using HCl. The results of TLC and HPLC qualitative analysis are presented in Table 1 .
Two dark violet spots were recognized under UV light (366 nm), which become clear yellow to orange-yellow after spraying with AlCl 3 solution. The Rf values of these spots in different solvent systems were very close to the ones obtained for authentic samples of luteolin and apigenin. The third light blue spot before and after spraying with AlCl 3 was identified as caffeic acid. The HPLC screening method confirmed the presence of a significant quantity of luteolin and a much smaller quantity of apigenin, which were identified according to the retention times and the UV spectra, compared to those for authentic samples (Fig. 1) .
Determination of total flavonoids by spectrophotometry
The method is based on the formation of stable complexes of Al 3+ ions with OH-groups in C-3 or C-5 position together with the carbonyl group in the γ-pirone ring of flavones and flavonols in a Table 2 .
Low contents of total flavonoids can be noticed in each of the examined samples, ranging from 0.05 to 0.13 % (m/m). The fraction of flavonoids that passed into ether or ethylacetate extract is variable, but for most of the samples ether extracts contain a larger quantity of flavonoids (except for T. tosevii var. longifrons). This is probably due to the fact that Macedonian Thymus species contain many more free flavone aglycones in comparison to the content of glycosides.
HPLC determination of luteolin and total flavonoids
The HPLC screening analysis of extracts obtained after hydrolysis (extract B) showed that the main flavone component in the samples of Thymus is luteolin (Fig. 1) . As for the other components having UV spectra of flavonoids, the peaks due to apigenin had a significantly smaller area compared to that obtained for luteolin. The previously developed and validated procedure for determination of luteolin (21) m(luteolin), RSD = 3.67 %, r = 0.9991. The accuracy of the method was checked by the method of standard additions which showed a satisfactory accuracy (21) , whereas the sensitivity of the method was determined by construction of a calibration curve in the low concentration region (0.1-1.0 μg) approximated as a detection and quantification limit. The regression equation of this curve was: area = 4.1182·10 5 m(luteolin) with SD = 10802 and r = 0.9979. The limit of detection calculated as three times the ratio between the SD and the slope of the low concentration curve (DL = 3·SD/slope) was found to be 0.09 μg, whereas the limit ofquantification calculated as ten times the same ratio (QL = 10·SD/slope) (22) was found to be 0.26 μg of luteolin.
The results from the determination of luteolin in samples of wild Thymus spp. from different regions from Macedonia are presented in Table 3 . The content of luteolin as well as the content of total flavonoids in air dried material is found to be 0.23-0.48 % (m/m) and 0.26-0.52 % (m/m), respectively.
Comparing the HPLC results to those obtained by spectrophotometry, significant differences in the obtained data can be noticed. These results imply that the spectrophotometric determination of total flavonoids achieves only 16-27 % of the total amount of flavonoids obtained by the HPLC method. This makes the spectrophotometric method with AlCl 3 unfavorable for use in the determination of total flavonoids in Thymus species. The present work offers a HPLC method for the determination of luteolin content in the herbs of wild Thymus, which can be used in routine analysis of the drug. If other flavonoids are present, they can be quantified as individual, or as total flavonoids. The proposed method is the more important because of the lack of methods for quantification purposes in the available literature. 
Conclusion
Two methods for the determination of flavonoids in wild Thymus species from Macedonian flora were applied: spectrophotometric with AlCl 3 and HPLC. The content of total flavonoids in air dried plant material determined by spectrophotometric method ranged from 0.05-0.13 %, calculated as luteolin. The content of total flavones, expressed as luteolin as the main flavone present, determined by HPLC ranged from 0.26-0.52 %. According to the obtained results, UV spectrometric determination achieved only 16-27 % of the total amount of flavonoids obtained by HPLC. That makes the HPLC method highly recommended for use in the determination of flavonoids in Macedonian Thymus species. 
